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(54) Digital voice enhancement system 



(57) A digital voice enhancement communication 
system, including a simplex system, has first and sec- 
ond acoustic zones, and respective microphones and 
loudspeakers. A voice sensitive gated switch has a first 
mode supplying the output of a first microphone in the 
first zone over a first channel to a second loudspeaker 
in the second zone, and has a second mode supplying 
the output of a second microphone in the second zone 
over a second channel to the first loudspeaker in the first 
zone. First and second noise sensitive bandpass filters 
and first and second equalization filters are provided in 



the first and second channels, respectively. Each noise 
sensitive bandpass filter is a noise responsive highpass 
filter having a filter cutoff effective at elevated noise lev- 
els and reducing bandwidth and making more gain avail- 
able, to improve intelligibility of speech of a person in 
the respective zone transmitted from the respective mi- 
crophone to the loudspeaker in the other zone. Each 
equalization filter reduces resonance peaks in the 
acoustic transfer function between the receiving loud- 
speaker in the other zone and the sending microphone 
in the one zone to reduce feedback by damping reso- 
nance peaks. 
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Description 

[0001 J The invention relates to digital voice enhance- 
ment, DVE, communication systems, including simplex 
systems. 

[0002] The invention arose during development ef- 
forts directed toward reducing complexities of full duplex 
voice communication systems, i.e. bidirectional voice 
transmission where talkers exchange information simul- 
taneously. In a full duplex system, acoustic echo can- 
cellation is needed to overcome feedback generated by 
closed loop communication channel instabilities. Use of 
a simplex scheme that alternately selects one or another 
microphone or channel as active is another way to ef- 
fectively control feedback into a near end microphone 
from a near end loudspeaker. In a simplex system, voice 
transmission is unidirectional, i.e. either one way or the 
other way at any given time, but not in both directions 
at the same time. 

[0003] A simplex digital voice enhancement commu- 
nication system does not rely on acoustic echo cancel- 
lation to ensure stable communication loop gains for 
closely coupled microphones and loudspeakers. How- 
ever, there is a potential for feedback into a near end 
microphone from a far end loudspeaker. This situation 
exists because it would be self-defeating to have the ac- 
tive microphone switched off. The present invention ad- 
dresses and solves this problem in a particularly simple 
and effective manner with a combination of readily avail- 
able known components. 

BRIEF DESCRIPTION OF THE DRAWING 

[0004] Fig. 1 schematically illustrates a digital voice 
enhancement communication system in accordance 
with the invention. 

DETAILED DESCRIPTION 

[0005] Fig. t shows a simplex digital voice enhance- 
ment communication system 2 including a first acoustic 
zone 4, a second acoustic zone 6, a first microphone 8 
in the first zone, a first loudspeaker 10 in the first zone, 
a second microphone 1 2 in the second zone, and a sec- 
ond loudspeaker 14 in the second zone. A voice sensi- 
tive gated switch 1 6 has a first mode with switch element 
16a closed and supplying the output of microphone 8 
over a first channel 1 8 to loudspeaker 1 4. Switch 1 6 has 
a second mode with switch element 1 6b closed and sup- 
plying the output of microphone 1 2 over a second chan- 
nel 20 to loudspeaker 10. The noted first and second 
modes are mutually exclusive such that only one of the 
channels 18 and 20 can be active at a time. In the first 
mode, switch element 1 6a is closed and switch element 
16b is open such that the switch blocks, or at least sub- 
stantially reduces, transmission from microphone 12 to 
loudspeaker 10. In the second mode, switch element 
16b is closed and switch element 16a is open to block 



or substantially reduce transmission from microphone 8 
to loudspeaker 14. Voice activity detectors or gates 22 
and 24 have respective inputs from microphones 8 and 
12, for controlling operation of switch 16. When switch 
5 16 is in its first mode, with switch element 16a closed 
and switch element 16b open, the speech of person 26 
in zone 4 can be heard by person 28 in zone 6 as broad- 
cast by speaker 14 receiving the output of microphone 
8. The speech of person 28 and the output of speaker 
10 14 as picked up by microphone 12 are not transmitted 
to speaker 10 because switch element 16b is open. 
Thus, there is no echo transmission of the voice of per- 
son 26 back through microphone 12 and speaker 10, 
and hence no need to cancel same. This provides the 
'5 above noted simplification in circuitry and processing 
otherwise required for echo cancellation. The same con- 
siderations apply in the noted second mode of switch 
16, with switch element 16b closed and switch element 
16a open, wherein there is no rebroadcast by speaker 
20 14 of the speech of person 28 and hence no echo and 
hence no need to cancel same. A suitable gate and 
switch combination 22, 24, 16 uses a short -time, aver- 
age magnitude estimating function to detect if a voice 
signal is present in the respective channel. Other suita- 
25 ble estimating functions are disclosed in Digital 
Processing of Speech Signals , Lawrence R. Rabiner, 
Ronald W. Schafer, 1978, Bell Laboratories, Inc., Pren- 
tice-Hall, pp. 120-126, and also as noted in U.S. Patent 
5,706,344, incorporated herein by reference. 
30 [0006] A first noise sensitive bandpass filter 30 and a 
first equalization filter 32 are provided in first channel 
18. A second noise sensitive bandpass filter 34 and a 
second equalization filter 36 are provided in second 
channel 20. Noise sensitive bandpass filter 30 is a noise 
35 responsive highpass filter having a filter cutoff frequency 
effective at elevated noise levels and reducing band- 
width and making more gain available, to improve intel- 
ligibility of speech of person 26 transmitted from micro- 
phone 8 to loudspeaker 14, and as disclosed in U.S. Ap- 
*o plication Serial No. 08/927,874, filed September 11, 
1997, incorporated herein by reference. Noise sensitive 
bandpass filter 34 is like filter 30 and is a noise respon- 
sive highpass filter having a filter cutoff effective at ele- 
vated noise levels and reducing bandwidth and making 
45 more gain available, to improve intelligibility or quality 
of speech of person 28 transmitted from microphone 1 2 
to loudspeaker 10. Equalization filter 32 reduces reso- 
nance peaks in the acoustic transfer function between 
loudspeaker 14 and microphone 8 to reduce feedback 
50 by damping the resonance peaks. This is desirable be- 
cause in various applications, including vehicle imple- 
mentations where zone 6 is the back seat and zone 4 is 
the front seat, there may be acoustic coupling between 
speaker 14 and microphone 8. The resonance peaks 
55 may or may not be unstable, depending on total system 
gain. The equalization filter can take several forms in- 
cluding but not limited to graphic, parametric, inverse, 
adaptive, and as disclosed in U.S. Patents 5,172,416, 
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5,396,561, 5,715,320, all incorporated herein by refer- 
ence. The equalization filter may also take the form of 
a notch filter designed to selectively remove transfer 
function resonance peaks. Such a filter could be adap- 
tive or determined offline based on the acoustic charac- $ 
teristics of a particular system. In one embodiment, 
equalization filter 32 is a set of one or more frequency 
selective notch filters determined from the acoustic 
transfer function between loudspeaker 14 in zone 6 and 
microphone 8 in zone 4. Equalization filter 36 is like filter 10 
32 and reduces resonance peaks in the acoustic trans- 
fer function between loudspeaker 10 and microphone 
12 to reduce feedback by damping resonance peaks. 
[0007] In the above noted vehicle implementation, 
each of highpass filters 30 and 34 is vehicle speed sen- is 
sitive, preferably by having an input from the vehicle 
speedometer 38. At higher vehicle speeds and resulting 
higher noise levels, lower frequency speech content is 
blocked and higher frequency speech content is 
passed, the lower frequency speech content being oth- 20 
erwise masked at higher speeds by broadband vehicle 
and wind noise, so that the reduced bandwidth and the 
absence of the lower frequency speech content does 
not sacrifice the perceived quality of speech. At lower 
vehicle speeds and resulting lower noise levels, the cut- 2s 
off frequency of each of highpass filters 30 and 34 is 
lowered such that lower frequency speech content is 
passed, in addition to higher frequency speech content, 
to provide enriched low frequency performance, and 
overcome objections to a tinny sounding system. In ve- 30 
hides having an in-cabin audio system, Le. a radio and/ 
or tape player and/or compact disc player and/or mobile 
phone, a digital voice enhancement activation switch 40 
is provided for actuating and deactuating the voice sen- 
sitive gated switch 16, i.e. turn the latter on or off, and 35 
providing an audio mute signal muting, or reducing to 
some specified level, the in-cabin audio system as 
shown at radio mute 42. 

[0008] in one embodiment, equalization filter 32 is a 
first frequency responsive spectral transfer function, *o 
and equalization filter 36 is a second frequency respon- 
sive spectral transfer function each for example as dis- 
closed in above noted U.S. Patent 5,715,320. The first 
frequency responsive spectral transfer function is a 
function of a model of the acoustic transfer function be- *s 
tween loudspeaker 14 and microphone 8. The second 
frequency responsive spectral transfer function of filter 
36 is a function of a model of the acoustic transfer func- 
tion between loudspeaker 10 and microphone 12. In 
some embodiments, these first and second acoustic so 
transfer functions are the same, e.g. where zones 4 and 
6 are small, and in some implementations these first and 
second acoustic transfer functions are different. In one 
preferred form, the first frequency responsive spectral 
transfer function of filter 32 is the inverse of the noted ss 
first acoustic transfer function between loudspeaker 14 
and microphone 8, for example as disclosed in above 
noted U.S. Patent 5,715,320. Likewise, the noted sec- 



ond frequency responsive spectral transfer function of 
filter 36 is the inverse of the noted second acoustic 
transfer function between loudspeaker 10 and micro- 
phone 1 2, also as in above noted U.S. Patent 5,71 5,320. 
[0009] The disclosed combination is simple and effec- 
tive, and is particularly desirable because it enables use 
of available known components. By using a speed var- 
iable highpass filter in the communication channel, the 
digital voice enhancement system does not excite lower 
order cabin modes in vehicle implementations. The 
highpass filter also greatly reduces transmitted wind and 
road noises, which are a function of speed, improving 
the overall sound quality of the digital voice enhance- 
ment system. No losses in speech quality are perceived 
due to aural masking effects from the in-cabin noise. 
Secondly, the post -processing equalization filter mini- 
mizes resonance peaks in the total acoustic transfer 
function. This has the benefit of reducing the potential 
for feedback by damping resonance peaks, and also 
creating a more natural sounding reproduction of 
speech. The audio mute signal from activation switch 
40 is desirable so that when the user selects the digital 
voice enhancement system, the in-cabin audio system, 
if present, is disabled, or its output significantly reduced, 
i.e. muted, as shown at radio mute 42. This prevents the 
digital voice enhancement system from detecting false 
information from the audio system and prevents distor- 
tions of the audio system by not allowing the digital voice 
enhancement system to rebroadcast the audio pro- 
gram. 

[0010] It is recognized that various equivalents, alter- 
natives and modifications are possible within the scope 
of the appended claims. 



Claims 

1. A digital voice enhancement communication sys- 
tem comprising: 

a first acoustic zone; 

a second acoustic zone; 

at least one microphone in at least one of said 

zones; 

at least one loudspeaker in at least the other of 
said zones; 

a voice sensitive gated switch controlling signal 
transmission from said microphone to said 
loudspeaker; 

a noise sensitive bandpass filter filtering the 
signal transmitted from said microphone to said 
loudspeaker; 

an equalization filter filtering the signal trans- 
mitted from said microphone to said loudspeak- 
er. 

2. The system according to claim 1 wherein: 
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said noise sensitive bandpass filter comprises 
a highpass fitter responsive to increased noise 
to pass frequencies above a given range there- 
through from said microphone to said loud- 
speaker; s 
said equalization filter equalizes the signal sup- 
plied from said microphone to said loudspeaker 
corresponding to resonance peaks in the 
acoustic transfer function between said loud- 
speaker to said microphone. to 

3. The system according to claim 2 wherein said sys- 
tem is in a vehicle, and said highpass filter is vehicle 
speed sensitive, 

15 

such that at higher vehicle speeds and resulting 
higher noise levels, lower frequency speech 
content is blocked and higher frequency 
speech content is passed, the lower frequency 
speech content being otherwise masked at 20 
higher speeds by broadband vehicle and wind 
noise, so that the reduced bandwidth and the 
absence of the lower frequency speech content 
does not sacrifice the perceived quality of 
speech, 25 
and such that at lower vehicle speeds and re- 
sulting lower noise levels, the cutoff frequency 
of said highpass filter is lowered such that lower 
frequency speech content is passed, in addition 
to higher frequency speech content, to provide 30 
enriched low frequency performance, and over- 
come objections to a tinny sounding system in 
said vehicle. 

4. A simplex digital voice enhancement communica- 35 
tion system comprising in combination: 

a first acoustic zone; 
a second acoustic zone; 

a first microphone in said first zone; 40 
a first loudspeaker in said first zone; 
a second microphone in said second zone; 
a second loudspeaker in said second zone; 
a voice sensitive gated switch having a first 
mode supplying the output of said first micro- 45 
phone over a first channel to said second loud- 
speaker, and having a second mode supplying 
the output of said second microphone over a 
second channel to said first loudspeaker; 
a first noise sensitive bandpass filter in said first so 
channel; 

a first equalization filter in said first channel; 
a second noise sensitive bandpass filter in said 
second channel; 

a second noise sensitive bandpass filter in said 55 
second channel. 

a second equalization filter in said second 
channel. 



5. The system according to claim 4 wherein: 

said voice sensitive gated switch in said first 
mode substantially blocks transmission from 
said second microphone to said first loud- 
speaker; 

said voice sensitive gated switch in said second 
mode substantially blocks transmission from 
said first microphone to said second loud- 
speaker; 

said first and second modes of said voice sen- 
sitive gated switch are mutually exclusive such 
that only one of said channels can be active at 
a time; 

said first noise sensitive bandpass filter com- 
prises a noise responsive highpass filter having 
a filter cutoff effective at elevated noise levels 
and reducing bandwidth and making more gain 
available, to improve intelligibility of speech of 
a first person in said first zone transmitted from 
said first microphone to said second loud- 
speaker; 

said first equalization filter reduces resonance 
peaks in the acoustic transfer function between 
said second loudspeaker in said second zone 
and said first microphone in said first zone to 
reduce feedback by damping resonance 
peaks; 

said second noise sensitive bandpass filter 
comprises a second noise responsive highpass 
filter having a filter cutoff effective at elevated 
noise levels and reducing bandwidth and mak- 
ing more gain available, to improve intelligibility 
of speech of a second person in said second 
zone transmitted from said second microphone 
to said first loudspeaker; 
said second equalization filter reduces reso- 
nance peaks in the acoustic transfer function 
between said first loudspeaker in said first zone 
and said second microphone in said second 
zone to reduce feedback by damping reso- 
nance peaks. 

6. The system according to claim 5 wherein said sys- 
tem is in a vehicle, and each of said first and second 
highpass filters is vehicle speed sensitive, 

such that at higher vehicle speeds and resulting 
higher noise levels, lower frequency speech 
content is blocked and higher frequency 
speech content is passed, the lower frequency 
speech content being otherwise masked at 
higher speeds by broadband vehicle and wind 
noise, so that the reduced bandwidth and the 
absence of the lower frequency speech content 
does not sacrifice the perceived quality of 
speech, 

and such that at lower vehicle speeds and re- 
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suiting lower noise levels, the cutoff frequency 
of each of said first and second highpass filters 
is lowered such that lower frequency speech 
content is passed, in addition to higher frequen- 
cy speech content, to provide enriched low fre- s 
quency performance, and overcome objections 
to a tinny sounding system in said vehicle. 

7. The system according to claim 6 wherein said ve- 
hicle has an in-cabin audio system, and comprising io 
a digital voice enhancement activation switch actu- 
ating said voice sensitive gated switch and provid- 
ing an audio mute signal muting said in-cabin audio 
system. 

15 

8. The system according to claim 6 wherein said ve- 
hicle has a speedometer, and each of said first and 
second highpass filters is responsive to said speed- 
ometer. 

20 

9. The system according to claim 5 wherein: 

said first equalization filter comprises a first 
spectral transfer function; 

said second equalization filter comprises a sec- 25 
ond spectral transfer function. 

10. The system according to claim 9 wherein: 

said first spectral transfer function is a function 30 
of a model of a first acoustic transfer function 
between said second loudspeaker and said first 
microphone; 

said second spectral transfer function is a func- 
tion of a model of a second acoustic transfer 35 
function between said first loudspeaker and 
said second microphone. 

11. The system according to claim 10 wherein said first 
and second acoustic transfer functions are the *o 
same. 

1 2. The system according to claim 1 0 wherein said first 
and second acoustic transfer functions are differ- 
ent. 45 

13. The system according to claim 10 wherein: 

said first spectral transfer function is the inverse 
of said first acoustic transfer function between so 
said second loudspeaker and said first micro- 
phone; 

said second spectral transfer function is the in- 
verse of said second acoustic transfer function 
between said first loudspeaker and said second 55 
microphone. 

14. The system according to claim 5 wherein: 



said first equalization filter comprises a set of 
one or more frequency selective notch filters 
determined from said acoustic transfer function 
between said second loudspeaker in said sec- 
ond zone and said first microphone in said first 
zone; 

said second equalization filter comprises a set 
of one or more frequency selective notch filters 
determined from said acoustic transfer function 
between said first loudspeaker in said first zone 
and said second microphone in said second 
zone. 
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